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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a nonaqueous electrolyte secondary battery which has high energy density, is 
excellent in cycle characteristic and is reduced in side reaction generated when the battery is preserved and used. 
SOLUTION: In a nonaqueous electrolyte secondary battery provided with a positive electrode, a negative electrode and 
lithium ion conductive nonaqueous electrolyte, at left of either one of the positive electrode or the negative electrode contains 
a carbonaceous material together with an electrode active material, and natural scale shaped graphite or expanded graphite 
which is 5 to 50 m2g in specific surface area (BET method), a range ofj to 50jim in the average grain diameter, 0.333 to 
0.340 nm In s[Scing (d) (002) in X-ray diffraction, and 40 to 500 nm in a c-axis direction (Lc) in the size of crystal lattice and 
40 to 500 nm in an a-axis direction (La) is used as the carbonaceous material. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3 in the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the nonaqueous electrolyte rechargeable battery possessing a positive electrode, a negative electrode, and the nonaqueous 
electrolyte of lithium ion conductivity Even if there are few positive electrodes or negative electrodes, one of electrodes contains a 
carbonaceous ingredient with an electrode active material. The range whose specific surface area (BET adsorption method) is 5-50m2/g 
and whose mean particle diameter is 1-50 micrometers as this carbonaceous ingredient, The nonaqueous electrolyte rechargeable battery 
with which the spacing d in an X diffraction (002) is characterized by the magnitude of 0.333-0.340nm and microcrystal using the natural 
scale-like graphite or expansion-ized graphite which is 40-500nm in c shaft orientations (Lc) by 40-500nm and a shaft orientations (La). 
[Claim 2] The nonaqueous electrolyte rechargeable battery according to claim 1 characterized by including the mixed solvent of annular 
carbonates and chain- like ether as said solvent. 

[Claim 3] Said negative-electrode active material is a nonaqueous electrolyte rechargeable battery according to claim 1 or 2 characterized 
by being the oxide which is chosen from the IIIB group of the periodic table who emits [ occlusion and ] a lithium ion, an IVB group, and 
transition metals, and which contains the element more than a kind at least. 

[Claim 4] Claim 1 characterized by what is expressed with the empirical formula of LixMySil-yOz (element more than a kind as which 0< 
x, 0< Y<1, 0< z<=4, and M are chosen from the metal and nonmetal except a lithium and silicon) thru/or 3 publications are in the oxide 
used as said negative-electrode active material, it is worn, and it is the nonaqueous electrolyte rechargeable battery of one **. 
[Claim 5] as said positive active material -- an empirical formula LiaTbLcOd (however, L » the metal of 3B group of the periodic table, 
and 4B group, and a kind metal --) it was chosen from the inside from **, such as metals, such as alkaline earth metal, and Ti, Mn, Cu, Zn, 
~ at least - the element more than a kind - T is a transition-metals element more than a kind, and claims 1 or 3 thru/or 5 publications by 
which it is being [ it / the multiple oxide shown by 0< a<=1.15 0.8 <H>+c<=1.3, 0<c, and 1.7<=d<=2.5 ] characterized are in a ? b, c, and d, 
respectively, and it rubs, and is the nonaqueous electrolyte rechargeable battery of one **. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention uses as an electrode active material the matter which can occlusion emit a lithium ion, and relates to 

the nonaqueous electrolyte rechargeable battery using the nonaqueous solution of lithium ion conductivity. 

[0002] 

[Description of the Prior Art] In recent years, miniaturization [ of the portable electronic device of a video camera, the pocket mold CD, a 
cellular phone, PDA, a notebook computer, etc. ], lightweight-izing, and high performance- ization is progressing. The rechargeable battery 
with the high safety which was excellent in high capacity and a heavy-loading property is needed for the power source of these portable 
electronic devices. Although the seal lead accumulator and the nickel cadmium battery have been used as a rechargeable battery 
corresponding to such an object, the rechargeable lithium-ion battery has resulted in utilization as a nickel hydrogen battery or a 
nonaqueous electrolyte rechargeable battery as a cell with a more high energy density. 

[0003] A nonaqueous electrolyte rechargeable battery has well-known oxide, chalcogen ghost, or conductive polymer etc. which has the 
single dimension chain structure as positive active material which can occlusion emit a lithium ion, the 2-dimensional layer structure, three- 
dimensions skeletal structure, amorphous structure, etc., using what dissolved lithium salt in the non-aqueous solvent as an electrolyte. The 
rechargeable lithium-ion battery which used insertion and the carbonaceous ingredient which can carry out ejection and insertion has been 
proposed by the lithium secondary battery using an alloy and negative-electrode active material of a metal lithium metallurgy group lithium 
and other metals, such as aluminum, Sn, and Pb, in the lithium ion as a negative-electrode active material of these nonaqueous electrolyte 
rechargeable batteries. In these nonaqueous electrolyte rechargeable batteries, in order not to use water for the electrolytic solution, the cell 
in which the charge and discharge of the high tension more than the electrolysis electrical potential difference of water are possible can be 
designed, and there is an advantage referred to as being able to raise an energy density easily. 

[0004] However, when a metal lithium is used for a negative electrode, charge-and-discharge effectiveness is low and, moreover, there is a 
fault with the short count (cycle) life of charge and discharge. It is thought that this cause has the large place depended on degradation of 
the lithium by the reaction of the lithium and the electrolytic solution which are a negative electrode. That is, in case the lithium which 
dissolved into the electrolytic solution as a lithium ion at the time of discharge deposits at the time of charge, it reacts with a solvent, and a 
part of the front face is inactivated. Moreover, if charge and discharge are repeated, a dendrite-like (arborescence) lithium will be 
generated, it will deposit in the shape of a corpuscle, or the phenomenon of a lithium ****ing from a charge collector will arise. The 
lithium metallic crystal which grew especially in the shape of a dendrite breaks through a separator, causes a short circuit between forward 
negative electrodes, and has been the failure of utilization in the field of safety. Although the approach using a lithium alloy (aluminum, 
aluminum-Mn (US 4,820,599), aluminum-Mg) (JP,57-98977,A), aluminum-Sn (JP,63-6,742,A), aluminum-In, and aluminum-Cd (JP,1- 
144,573 ,A) as the cure is proposed, since an energy density is small as compared with a metal lithium and the lithium metal is used, it is not 
essential solution. On the other hand, using the matter which intercalates lithium ions, such as a molybdenum dioxide, a tungsten dioxide 
(journal OBU electrochemical SOSAIATI, 134 volumes, 638 pages, 1987), and 2 titanium sulfides (U.S. Pat. No. 4,983,476 number), as a 
negative-electrode active material was shown. Since a metal lithium was not used for these, although the improvement was expected, the 
performance degradation of safety by the charge-and-discharge cycle was large. 

[0005] this invention persons used as the negative-electrode active material various oxides, such as silicon which can occlusion emit a 
lithium ion, tin, and transition metals, etc., the nonaqueous electrolyte rechargeable battery which was with the multiple oxide in which a 
presentation is shown by LiaTbLcOd as positive active material was made as an experiment, and it found out that the cell of high capacity 
could be offered, one or more kinds of transition metals with which T was chosen from Co, nickel, Mn, Fe, V, W, Nb, Ti, etc. - L The 
metal of 3B group of the periodic table, and 4B group and a kind metal, alkaline earth metal, it was chosen from the inside from **, such as 
metals, such as Ti, Mn, Cu, and Zn, - at least -- the element more than a kind -- a, b, and c are 0< a<=1.15, 0.8 <=b+c<=1.3, and a multiple 
oxide (Japanese Patent Application No. 3-253921, this 5- 162958, said 7 -156547 reference) that is 1.7< = d<=2.5, respectively. 
Generally, the metallic oxide used as an active material which participates in electrochemical reaction within a cell has added the electric 
conduction assistant in order to give the electronic conduction nature between the charge collector of an electrode, and a cell active material 
particle, since electronic conduction nature has many scarce things, and improvement in a charge-and-discharge property is in drawing. 
Although the internal resistance of a cell can be reduced by raising electronic conductivity if the mixing ratio of an electric conduction 
assistant is made high into an electrode active material, in the electrode volume to which it was restricted in the cell container, the fill of an 
electrode active material decreases and the discharge capacity of a cell falls. On the other hand, if the mixing ratio of an electric conduction 
assistant is lessened, on the occasion of charge and discharge, the utilization factor of an electrode active material will decrease at the same 
time the internal resistance of a cell increases, although the fill of an electrode active material can be made [ many ]. 
[0006] 

[Problem(s) to be Solved by the Invention] In this kind using the electrode which carries out occlusion bleedoff of the lithium ion by the 
cell reaction of cell, the volume change according [ this active material particle ] to swelling and contraction in connection with the 
intercalation of a lithium ion and a day intercalation or occlusion, and bleedoff in an electrode active material is repeated. Even when such 
a volume change arises, it is necessary to secure electronic conduction nature between an electrode active material and current collection 
material. When using as a negative-electrode active material especially various oxide, such as silicon which can occlusion emit a lithium 
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ion, tin, and transition metals, etc., as compared with ingredients, such as a manganese dioxide conventionally used as an active material of 
a lithium cell, there is much what has the large volume change of the electrode active material accompanying occlusion bleedoffof a 
lithium ion. When such matter is used for an electrode active material, conductivity is secured, and it has been an important technical 
problem to raise the utilization factor of an active material, in order to offer the nonaqueous rechargeable battery which is a high energy 
consistency and was excellent in the cycle property. 

[0007] Moreover, gamma-butyl lactone and the sulfolane which have the high dielectric constant generally known considering a crystalline 
high graphite and graphite carbon as a solvent of a nonaqueous electrolyte, When it uses in independent solvents, such as propylene 
carbonate and butylene carbonate, even if it is operating the potential of an electrode in the potential window of those electrolytes An 
electrolyte decomposes below into IV (vs.Li/Li+) in respect of a carbonaceous material list, and the problem that coats, such as a 
hydrocarbon, generate to a carbonaceous material- list side arises at the same time it generates gas, such as carbon dioxide gas and 
hydrocarbons. It generates at the time of preservation of the cell setting up was finished, and an activity, and side reaction, such as these 
generation of gas, needs relief of such side reaction. 
[0008] 

[Means for Solving the Problem] The nonaqueous electrolyte rechargeable battery built over this invention in order to attain the above- 
mentioned object It has a carbonaceous ingredient in order to give electronic conductivity with an electrode active material, and said 
carbonaceous ingredient consists of a high carbonaceous particle of an anisotropy with high degree of crystallinity. The specific surface 
area (BET adsorption method) of said carbonaceous ingredient by 4-50m2/g In the range the mean particle diameter of whose is 1-50 
micrometers, the spacing d in an X diffraction (002) by 0.333-0.340nm The magnitude of microcrystal is using the natural scale-like 
graphite or expansion-ized graphite which is 40-500nm by 30-500nm and a shaft orientations (La) by c shaft orientations (Lc). 
[0009] 

[Embodiment of the Invention] Asa carbonaceous ingredient, the origin can use either a natural graphite or an artificial graphite. A natural 
graphite can be classified into a scale-like graphite, flaky graphite, and an earthy graphite according to the configuration of a carbon 
particle, and, as for the carbonaceous ingredient of this invention, it is more desirable to use a scale-like graphite also in it. Although a 
natural graphite produces the difference in some physical properties by the place of production again, it is not limited to it. For example, in 
the case of a scale-like graphite, China, Madagascar, North Korea, Brazil, India, the Soviet Union, Zimbabwe, India, etc. are mentioned. It 
can be used by management of the chemical treatment according the ingredient of these places of production to physical processing of 
floating screening, a classification, etc., an acid, or a base etc. being made, without being specified as a place of production. 
[0010] When using an artificial graphite as a carbonaceous ingredient, what was obtained by pyrolyzing them at 1200 degrees C - 3000 
degrees C, using hydrocarbons, such as petroleum coke, pitch coke, methane, a propane, benzene, and acetylene, a cellulose, the poly 
AKURIRO tolyl (PAN), pitch system fiber, etc. as the start raw material is good, and it is desirable to process at the graphitization 
temperature of 2500 degrees C - 3000 degrees C more preferably. The cellulose carbon used for the purpose of a lithium intercalation with 
the negative electrode of a lithium ion battery in an artificial graphite (cellulose carbon), Polymer carbon (polymer Carbon), glassy carbon 
(gulassy carbon), Vitrified hard carbon, such as vitro carbon (vitro carbon), Unless the thing and mesophase system carbon fiber which 
graphitized the meso fuze microsphere generated in the liquid-phase -carbonization process of pitches, and its powder can expansion- 
ization-process the carbonaceous ingredient, it is not suitable to use it for this invention. Expansion-ized processing means carrying out 
cleavage between this crystal layer of CIC, or of the grain boundary here by making CIC (carbon intercalation compound) into reaction 
intermediate using strong acid, and adding a rapid thermal shock. It is desirable to use the concentrated sulfuric acid of 2 M/L extent for 
production of CIC, and the heating temperature of a thermal shock has desirable 600-1200 degrees C, and is more preferably desirable. [ of 
800-1000 degrees C] 

[001 1] As for the common particle size (D50%) of this carbonaceous ingredient, it is desirable to use a 1-50-micrometer thing. The thing of 
the range of D10%=2.0-5.0micrometer, D50%=4.5- 15 micrometer, and D90%=10-40micrometer which the particle size distribution do for 
a thing activity is more desirable. Here, the cumulative size distribution by the volume shows particle size distribution. For example, the 
particle size distribution of the particle of a carbonaceous ingredient show that it is in the range whose particle size from which the addition 
volume becomes 10% of the whole is 1 micrometer - 5.0 micrometers in D10%=l-10micrometer. Particle size distribution are prescribed 
by grinding of a carbonaceous ingredient and the conditions of a classification used as a raw material. By combining two or more 
carbonaceous ingredients with which the classes of raw material differ, the carbonaceous ingredient which has the above-mentioned 
particle size distribution may be produced. Moreover, in case that the lot distributes normally produces an electrode, the configuration of 
particle size distribution raises the dispersibility of the matter which constitutes an electrode, and although it is more desirable, it does not 
limit it to it about the configuration of distribution, and the number of crests from the ability of homogeneity production to be carried out. 
The mean particle diameter generally known is D50% said here, and many what has a small particle size is contained for D50%, the 
moldability at the time of electrode molding is bad, restoration nature becomes low, and the energy density of the unit volume 
neighborhood becomes low, and it is not desirable. [ of a thing 1 micrometer or less ] Moreover, many what has a big particle size is 
contained for D50%, an electrode active material and contact nature fall, and a thing 50 micrometers or more is not desirable. Particle size 
distribution can use a laser-light- scattering method or a laser optical diffraction method for a single function or the combined particle- size- 
distribution measuring device. 

[0012] It is the object that the carbonaceous ingredient in this invention gives electronic conduction nature to an active material. Generally, 
a carbonaceous ingredient carries out covalent bond with the carbon atom firm within a layer arranged to the hexagon, and forms between 
layers the layer lattice structure (hexagon-head mesh plane structure) which overlapped by the weak van der waals binding. It is supposed 
that the electronic conduction nature of a carbonaceous ingredient is based on the pi electron which forms the van der waals binding, and 
the distance between layers of a hexagon-head mesh plane is one of the factors which show the physical properties of a carbonaceous 
ingredient. Here, the occlusion and the bleedoff, lithium intercalation, or day intercalation of a lithium ion to the multiple oxide in which 
various oxide, such as silicon, tin, and transition metals, etc. and a presentation are shown by LiaTbLcOd can have priority and advance, 
and the carbonaceous ingredient chosen by this invention must not bar those reactions. For example, it is not desirable to exist in a 
carbonaceous ingredient in the **** direction rather than the potential from which the potential which carries out the intercalation of the 
lithium ion to a carbon material when it is going to perform an intercalation produces the occlusion or the intercalation of a lithium ion to 
various oxide, such as silicon, tin, and transition metals, etc. Therefore, the spacing d in the X diffraction of a carbonaceous ingredient 
(002) needs to be narrower than the ionic radius of a lithium ion, and, as for Spacing d (002), what is distributed over the range carried out 
0.333-0.365nm, and is more preferably distributed over the range of 0.333-0. 340nm is good. 
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[0013] The carbonaceous ingredient is having the crystal, structure to which how many layer thing hexagon-head mesh plane was piled up, 
and when the direction of breadth of c axis and a hexagon- head mesh plane is made into an a-axis for the direction of a laminating of the 
hexagon-head mesh plane, the magnitude of microcrystal is called Lc and La, respectively, while the value of the diameter of microcrystal 
(Lc, La) becomes large as the microcrystal of a carbonaceous ingredient progresses - that of physical properties, such as electronic 
conduction, - that of shaft orientations - things -- an anisotropy will become remarkable. 

[0014] Therefore, it is desirable that it is the range whose magnitude (Lc) of the microcrystal of c shaft orientations of the carbonaceous 
ingredient which have and is by this invention is 40-500nm, and what is more preferably distributed over 50-200nm is good. Moreover, it is 
desirable that it is the range whose magnitude (La) of the microcrystal of a shaft orientations is 40-500nm, and what is more preferably 
distributed over 45-200nm is good. Generally the specific surface area of a carbonaceous ingredient ingredient changes with extent and 
process ingredients of graphitization, and the specific surface area by the BET adsorption method is 0.1 - about 1500m2/g. Especially the 
carbon black classified according to furnace black, channel black, thermal black, and lamp black has a large specific surface area by unique 
particle shape. Although specific surface area changes also with classes of carbonaceous ingredient to be used, even if it is the same 
carbonaceous ingredient, it changes also with degrees of distribution of the particle size after passing through a grinding process. As for the 
carbonaceous ingredient which have and is by this invention, it is desirable that specific surface area (BET adsorption method) is 
distributed over 5-50m2/g, and what is more preferably distributed over 10-35m2/g is good. Although it is presumed because contact to an 
electrode active material becomes scarce when using a particle with a specific surface area smaller than 5m2/g, for a pile reason, resistance 
of an electrode is not greatly desirable to ejection in a current. Moreover, when using a particle with a larger specific surface area than 
50m2/g, the moldability at the time of electrode molding is bad, and restoration nature becomes low, the energy density of the unit volume 
neighborhood becomes low, and it is not desirable. Here, specific surface area was measured by the approach (BET adsorption method) of 
computing from the nitrogen molecular weight which sticks to the sample front face cooled with liquid nitrogen. 

[0015] Association with the non-formed carbon or the heteroatom which will be in the share condition of being located around the aliphatic 
series chain in the grain boundary or a stratification plane as for a carbonaceous ingredient may exist. Those non-formed carbon and 
heteroatoms are considered to be the cause which triggers side reaction with the electrolytic solution. In order to remove them, as for the 
carbonaceous ingredient which have and is by this invention, it is desirable to use an acid and a base, or the heat-treated thing, those 
processings are independent - or it can use together and expansion-ized processing is also included. Thermal-expansion-- ization- 
processing is more desirable even if the carbonaceous ingredient of this invention is a natural graphite or an artificial graphite. 
[0016] As an example of the positive active material used for this invention, conjugated-system giant molecules, such as inorganic 
compounds, such as transition-metals oxide containing alkali metal and transition-metals chalcogen (an iron sulfide, 2 titanium sulfides, 
molybdenum disulfide, 3 sulfuration niobium, etc.), polyacethylene, poly para-phenylene, polyphenylene vinylene, the poly aniline, 
polypyrrole, and the poly thiophene, the crosslinked polymer which has a disulfide bond, a thionyl chloride, intercalated graphite, etc. can 
mention the positive electrode used in the usual rechargeable battery. In these, a lithium content transition-metals oxide is desirable. The 
desirable lithium content transition-metals oxide used by this invention can be expressed with an empirical formula LiaTbLc02, and 
although the stoichiometric presentation a= 1 is a criterion in heating composition, as for the amount a of Li(s), 0< a<=1.15 is possible by 
an electrochemical intercalation, a day intercalation, etc. in which about **15% of indeterminate ratio presentation is also possible. As 
transition metals T, Co, nickel, Fe, Mn, Cr, V, etc. are desirable, the charge-and-discharge property is excellent in especially Co and nickel, 
and they are desirable. As the amount c of boron and/or silicon, and an amount b of transition metals T, the effectiveness to reduction of 
polarization at the time of charge and discharge (internal resistance), the improvement in a cycle property, etc. is remarkable in 0<c and 
0.85 <-b+c<=1.3, and it is desirable. On the other hand, since it will fall to reverse if the charge-and-discharge capacity for every cycle has 
too many amounts c of boron and/or silicon, and it serves as max in 0< c<=0.5, especially this range is desirable. 

[0017] The multiple oxide LiaTbLc02 used by this invention is compoundable as follows. That is, salts, such as each simple substance of 
Lithium Li, transition metals T, and Element L or each oxide, a hydroxide or a carbonate, and a nitrate, are mixed by the predetermined 
ratio, and, therefore, it is obtained by the temperature more than 600-degreeC in an ambient atmosphere which has the inside of air, or 
oxygen, and carrying out heating baking at the temperature of 700-900- degreeC preferably. When using those oxides or the compound 
which has oxygen as supply sources, such as Li, T, and L, it is also possible to carry out heating composition in an inert atmosphere. 
Although heating time is usually enough in 4 - 50 hours, in order to promote a synthetic reaction and to raise homogeneity, it is effective to 
repeat the process of baking, cooling, and grinding mixing several times. 

[0018] The average grain size of the positive active material used by this invention has desirable 500 micrometers or less, and its 50-0.1 
micrometers 100 micrometers or less are especially more preferably good. As for the gestalt of an active material, it is desirable that 
consisting of the with a 1-micron or more mean particle diameter [ 20 micron or less ] primary particle aggregate with which a with a 0.1- 
micron or more mean particle diameter [ 2.5 micron or less ] primary particle gathers and changes consists of the with a 3.5-micron or more 
mean particle diameter [ 9.5 micron or less ] primary particle aggregate with which a with a 0. 1-micron or more mean particle diameter 
[ 2.5 micron or less ] primary particle gathers and changes preferably desirable especially. Furthermore, in the above-mentioned primary 
particle aggregate, it is 85% or more of a whole product that 80% or more of a whole product is the 1-micron or more particle size of 15 
microns or less desirable still more preferably, and it is 90% or more of a whole product still more preferably. 0.05-100m2/g of specific 
surface area is desirable, and 0.1-50m2/g, especially its 0.1-30m2/g are more preferably good. 

[0019] Moreover, the positive active material of this invention can mix two or more kinds, and can also be used. It can apply, when the 
electrical-potential-difference range to be used is changed or an electrical potential difference detects the residue of capacity. The alloy or 
oxide of an element more than a kind chosen from B, B, and transition metals which are the periodic table as a negative-electrode active 
material of this kind of cell which can occlusion emit a lithium ion" is desirable, and especially the oxide of silicon is desirable. The oxide 
of silicon is expressed with an empirical formula LixSiOy, and can use the matter which consists of the lithium content silicon oxide the 
lithium content x and whose amount y of oxygen are 1.5<=x<=4 and 0< y<2, respectively and which can be lithium ion occlusion emitted. 
That is, a lithium is contained in the crystal structure and in amorphous structure, and the multiple oxide in which y which x which is the 
oxide of the silicon which emits [ occlusion and ] a lithium ion, and is the ratio of the lithium atomic number to a silicon atomic number is 
1.5 or more and 4.0 or less, and is the ratio of the oxygen atomic number to a silicon atomic number has a larger and presentation smaller 
than 2 than 0 according to electrochemical reaction in nonaqueous electrolyte is used. Although it is desirable that it is mainly ion as for the 
condition of the lithium in the inside of this multiple oxide, definition is not necessarily carried out. 

[0020] As the desirable manufacture approach of this lithium content silicon oxide (however, 1.5<=x<=4, 0< y<2) LixSiOy used as a 
negative-electrode active material of this invention cell, although two kinds of following approaches are raised, definition is not carried out 
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to these. A primary method is the approach of heat-treating in the ambient atmosphere which controlled the amount of oxygen so that the 
inside of an inert atmosphere and the non-oxidizing quality ambient atmosphere of the vacuum middle class or silicon, and a lithium 
changed with a predetermined oxidation number, and using as the multiple oxide of silicon and a lithium, mixing the simple substances or 
those compounds of silicon and a lithium by the predetermined mole ratio, or mixing. The compound which generates each oxide by [ like 
**, such as a salt or organic compounds, such as each oxide, a hydroxide or a carbonate, and a nitrate, ] heat-treating each in a non- 
oxidizing atmosphere as each compound of the silicon used as a start raw material and a lithium is desirable. After dissolving or 
distributing these raw materials besides the approach of blending the powder of each raw material dryly directly to water, alcohol, or other 
solvents and making it mix or react to homogeneity in a solution as the mixed approach of these start raw materials, the various approaches 
of **, such as the approach of vapor-depositing or depositing the approaches of drying and these raw materials by turns atomizing or 
ionizing by heating, an electromagnetic wave, light, etc., and simultaneous, are possible. Thus, although the temperature of heat treatment 
performed while mixing changes also with a start raw material or heat treatment ambient atmospheres after mixing a raw material or, it can 
compound above 400-degreeC and the temperature more than 600-degreeC is preferably good. On the other hand, in the inside of an inert 
atmosphere, or the vacuum middle class, since disproportionate may be carried out to the silicon oxide of the silicon and tetra valence in 
the temperature more than 800-degreeC, in such a case, the temperature of 600-800-degreeC is desirable. 

[0021] In the combination of these start raw materials, as feed of a lithium, lithium oxide Li20, The lithium compound which generates 
lithium oxide by heat treatment like **, such as salts, those hydrates, etc. of lithium-hydroxide LiOH, Li2C03, or LiN03 grade, is used. In 
using low-grade oxide SiOy 1 (however, 0<y'<2) of a silicon simple substance or silicon as a supply source of silicon Manufacture is 
especially easy and desirable. [ that it can compound by heat-treating those mixture in the ambient atmosphere which refused oxygen like 
the inside of an inert atmosphere, or the vacuum middle class, and is easy to carry out control of the amount of oxygen in a heat treatment 
ambient atmosphere, or oxygen tension ] 

[0022] Moreover, when a lithium hydroxide etc. is used as the case where various kinds of silicic acids which have hydrogen as a 
compound of silicon are used for a start raw material, or a lithium compound, hydrogen does not **** thoroughly by heat-treatment, but it 
remains in part into the product after heat treatment, and a lithium and hydrogen are able to live together and it is contained in this 
invention. With furthermore, a lithium or its compound and silicon, or its compound Other alkali metal, such as sodium, a potassium, and a 
rubidium, magnesium, Alkaline earth metals, such as calcium, and/or iron, nickel, cobalt, Manganese, vanadium, titanium, niobium, a 
tungsten, molybdenum, Copper, zinc, tin, lead, aluminum, an indium, a bismuth, a gallium, By adding, mixing and heat-treating simple 
substances or those compounds of the metal of others of**, such as germanium, carbon, boron, nitrogen, and Lynn, or a nonmetallic 
element etc. The metals or nonmetals other than these lithiums can also be made to coexist with a lithium and silicon, and it is contained in 
this invention also in these cases. 

[0023] Thus, this can be used for the obtained lithium content silicon oxide as a negative-electrode active material, remaining as it is or 
after processing a grinding particle size regulation, a granulation, etc. as occasion demands. Moreover, it depends on an electrochemical 
reaction with the matter containing this lithium content silicon oxide, a lithium, or a lithium like the second following approach, and what 
increases or decreased the lithium content may be used as a negative-electrode active material by carrying out occlusion of the lithium ion 
to this lithium content silicon oxide further, or making a lithium ion emit to reverse from this multiple oxide. 

[0024] The second approach is an approach of obtaining the low-grade oxide LixSiOy of the silicon which depends on an electrochemical 
reaction with the matter which compounds beforehand the low-grade oxide SiOy of the silicon which does not contain a lithium (however, 
2> y>0), and contains the obtained low-grade oxide SiOy, lithium, or lithium of silicon, is made carrying out occlusion of the lithium ion to 
the low-grade oxide SiOy of this silicon, and contains a lithium, y besides the thing of the stoichiometric composition of**, such as SiOl.5 
(Si 203), SiOl .33 (Si 304), SiO, and SiO0.5 (Si20), is easy to be the thing of a presentation of less than two arbitration as a low-grade 
oxide SiOy of such silicon more greatly than 0. Moreover, the low-grade oxide SiOy of these silicon depends on the following various 
well-known approaches, and can be manufactured. Namely, the approach of mixing the (1) silicon dioxide Si02 and silicon Si by the 
predetermined mole ratio, and heating in a non-oxidizing atmosphere or a vacuum, (2) How to heat a silicon dioxide Si02 in the 
reducibility gas of hydrogen H2 grade, and carry out specified quantity reduction, (3) How to mix with the carbon C metallurgy group of 
the specified quantity etc., heat a silicon dioxide Si02, and carry out specified quantity reduction, (4) A pyrogenetic reaction, the CVD 
method which carries out a plasma decomposition reaction, or a plasma-CVD method is ** about the approach and the silicon compound 
gas of (5) si lane SiH4 grade which heat silicon Si with oxygen gas or an oxide, and carry out specified quantity oxidation, and the mixed 
gas of oxygen 02. 

[0025] To the low-grade oxide SiOy of this silicon, with silicon, moreover, hydrogen and sodium, Alkaline earth metal and/or iron, such as 
alkali metal, such as a potassium and a rubidium, magnesium, and calcium, Nickel, cobalt, manganese, vanadium, titanium, niobium, a 
tungsten, Other metals or nonmetallic elements of**, such as molybdenum, copper, zinc, tin, lead, aluminum, an indium, a bismuth, a 
gallium, germanium, carbon, boron, nitrogen, and Lynn, can also be made to contain, and it is contained in this invention also in these 
cases. 

[0026] The occlusion of the lithium ion which depends on the electrochemical reaction to the low-grade oxide SiOy of this silicon is in an 
after [ cell assembly ] cell, or can be performed within a cell and out of a cell in the way of a cell production process, and can specifically 
be performed as follows. What fabricated the mixture in the predetermined configuration is used as one electrode (operation pole), namely, 
mixing with the low-grade oxide of (1) this silicon or them and an electric conduction agent, a binder, etc. - Make two electrodes the 
matter containing a metal lithium or a lithium counter in contact with the nonaqueous electrolyte of lithium ion conductivity as another 
electrode (counter electrode), and an electrochemistry eel is constituted. It energizes with the suitable current for the direction in which an 
operation pole carries out a cathode reaction, and occlusion of the lithium ion is electrochemical ly carried out to the low-grade oxide of this 
silicon. It uses as a negative-electrode active material which constitutes a negative electrode by using this obtained operation pole as a 
negative electrode as it is, and a nonaqueous electrolyte rechargeable battery is constituted. (2) mixing with the low-grade oxide of this 
silicon or them and an electric conduction agent, a binder, etc. - include in a nonaqueous electrolyte rechargeable battery by using as a 
negative electrode what fabricated the mixture in the predetermined configuration, and stuck the alloy of a lithium or a lithium etc. to this 
by pressure, or was contacted, and was used as the laminating electrode. The approach by which self-discharge of a kind of local battery is 
formed and carried out, and occlusion of the lithium is electrochemically carried out to the low-grade oxide of this silicon when this 
laminating electrode touches an electrolyte within a cell. (3) Use the low-grade oxide of this silicon as a negative-electrode active material, 
contain a lithium and constitute the nonaqueous electrolyte rechargeable battery using the matter which can occlusion emit a lithium ion as 
positive active material. The approach by which occlusion of the lithium ion emitted from the positive electrode by charging as a cell at the 
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time of an activity is carried out to the low-grade oxide of this silicon. 

[0027] The compounding ratio of the electrode component in this invention is made so much into 1 - 70 % of the weight 30 to 95% of the 
weight as an electrode active material at the AUW of each electrode as a carbonaceous ingredient used as an electric conduction assistant. 
A mixing ratio changes with the volume change of occlusion bleedoffof the lithium ion of an active material, electrical conductivity, 
electrode configurations, etc. When the presentation of an electrode active material considers as transition-metals oxides shown by 
LiaTbLcOd, such as a multiple oxide and a manganese dioxide, it is more desirable to use in 2 - 15% of the weight of the range as a 
carbonaceous ingredient 75 to 95% of the weight as an electrode active material. When various oxides, such as silicon, tin, and transition 
metals, etc. are used as an electrode active material, a carbonaceous ingredient has [ an electrode active material ] 70 - 30 % of the weight 
more desirable [ moreover, ] 30 to 70% of the weight. The polymer which has not ** limited especially although the thing of a binder 
insoluble to the electrolytic solution is desirable but polysaccharide, thermoplastics, thermosetting resin, and rubber elasticity can be used 
as one sort or such mixture, or a copolymer. 

[0028] For example, the gum arabic of a rubber system, tragacanth gum, kadaya gum, locust bean rubber, guar rubber, etc. are raised with 
the starch of a starch system, the modified starch, a dextrin, the methyl cellulose of a cellulose type, hydroxyethyl cellulose, 
hydroxypropylcellulose, hydroxypropylcellulose, a regenerated cellulose, diacetyl cellulose, a carboxymethyl cellulose (CMC), and a 
natural product. Polyethylene [ of a synthetic-resin system ], polypropylene, polyvinyl alcohol, poly aery 1 amide, polyethylene oxide, 
polyvinylpyrrolidone, vinyl acetate copolymer, acrylic-acid polymer, and ethylene-propylene-diene the copolymer of -3 yuan (EPDM), 
sulfonation EPDM, a styrene butadiene rubber (SBR), poly butadiene, a fluororubber, polyethylene oxide, polyimide, an epoxy resin, 
phenol resin, etc. can be used. As a Teflon system polymer, moreover, polytetrafluoroethylene (PTFE) and a tetrafluoroethylene 
perfluoroalkyl vinyl ether copolymer (PFA), A tetrafluoroethylene hexafluoropropylene copolymer (FEP), A tetrafluoroethylene ethylene 
copolymer (ETFE), poly chlorotrifluoroe thy lene resin (PCTFE), The dispersion of a fluororesin like a chlorotrifluoroethylene ethylene 
copolymer (ECTFE), polyvinyl fluoride (PVF), and poly vinylidene fluoride (PVdF) and the solution of resin can be used. To the 
electrolytic solution, the fluororesin is stable, and thermal resistance is also excellent, and it is desirable. PVdF which can be uniquely made 
a solution also in a fluororesin — a mixture in the production process of an electrode which applies a slurry on a charge collector, since 
spreading nature is good, it is desirable. Moreover, a water-soluble binder is desirable from the handling being simple, and it is desirable to 
use an acrylic-acid polymer, a bridge formation mold acrylic-acid polymer, CMC, etc. It is especially desirable that the carboxyl group 
content in a bridge formation mold acrylic-acid polymer is 50 - 70%. 

[0029] Although especially the addition of a binder is not limited, its 1 - 50 % of the weight is desirable. Especially when using for an 
active material with the large amount of occlusion of a lithium, in order to be accompanied by a structural change or the volume change by 
charge and discharge, more 5-40 % of the weight is desirable, the electrode of this invention - when carrying out electrode shaping by the 
approach shown below in a mixture, it can mix or distribute and a reinforcing agent can be used in order to hold the reinforcement after 
electrode shaping. In the cell constituted as a reinforcing agent, if it is the fibrous ingredient which does not cause a chemical change, 
anything can be used. Although a fibrous ingredient has the desirable one where electronic conductivity is higher, it does not limit 
especially. Usually, it is effective to use fiber, such as olefin system polymers, such as polypropylene and polyethylene, glass, and carbon. 
As magnitude of fiber, 0.1-50 deniers has [ 0.1 -4mm and a size ] desirable die length. Especially, l-3tnm and 1-6 deniers are desirable. 
Although especially the addition of a reinforcing agent is not limited, 0 - 30 % of the weight is desirable. 

[0030] An electrode configuration can take various configurations, such as fabricating on the shape of tabular and a film, cylindrical, or a 
metallic foil, by the target cell. The configuration of a cell is compressed into the configuration of a pellet at the time of coin or a carbon 
button, and the mixture of positive active material or a negative-electrode active material is mainly used. Moreover, the electrode fabricated 
in the shape of a sheet may be pierced and used at the time of thin coin or a carbon button. The thickness and the diameter of the pellet are 
decided with the magnitude of a cell, moreover, the electrode pole which mixed the electrode active material, electric conduction assistant, 
and binder of a positive electrode or a negative electrode, add water or a nonaqueous solvent, be made to distribute, and be made into the 
shape of a slurry when the configurations of a cell be a sheet, a cylinder, and an angle — it be effective to apply, and for it to be dry and 
compress and to mainly use a mixture by a certain approach, on a charge collector. The process of an electrode can be dried, it can 
compress and an electrode can be produced by fabricating in predetermined magnitude, a charge collector top — an electrode - although 
the approach of applying a mixture is raised as an example, it does not limit the approaches of **, such as a spin coat method, a doctor 
blade method, the reverse roll method, the direct rolling method, a dip method, the squeeze method, the extrusion method, the curtain 
method, the bar method, and the knife method, to them. Although the coat thickness, die length, and width are decided with the magnitude 
of a cell, the thickness of a coat is in the condition of having been compressed after desiccation, and especially its 1-2000 micrometers are 
desirable. 

[0031] Although the approach generally adopted can be used for a pellet or the method of pressing a sheet, a die-press method and its 
calender pressing method are especially desirable. Although especially press ** is not limited, its 0.2 - 3 t/cm2 is desirable. The pressing 
speed of the calender pressing method has the amount of desirable 0. l-50m/. Press temperature has desirable room temperature -200 degree 

C. 

[0032] independent in infrared radiation, the centrifugal force of the low humidity style, and vacuum also including a far infrared region, 
although it is desirable to use warm air as for the method of drying in the case of drying an electrode » or you may combine and use. And 
moreover it is not limited to it, the front face of an electrode active material can be reformed. For example, the front face of a metallic 
oxide is processed by the esterification agent (JP,55- 163,779,A), or processing by the chelating agent by processing (JP,55- 163,780,A), the 
conductive polymer (JP,58-163,188,A, this 59- 14,274), polyethylene oxide, etc. (JP,60-97,561,A) is mentioned. Moreover, the front face 
of a negative-electrode active material can also be reformed. For example, preparing or (JP,58-1 1 1,276,A) processing an ion conductive 
polymer and a polyacethylene layer by LiCl ( JP,5 8- 142,77 1,A) etc. is mentioned. 

[0033] Between each electrode, a separator is used as what isolates a positive electrode and a negative electrode, or [ this separator being a 
porous body without the electronic conduction nature which has a durable fine hole to the electrolytic solution or an electrode active 
material, and using ingredients, such as polyethylene or polypropylene, independently ] -- or it is effective to use the cloth, nonwoven 
fabric, or porous body used where it carried out the mixed fabric or the coat of other ingredients is carried out on one of ingredients. The 
aperture of a separator has the effective range generally used as an object for cells. For example, it is effective to use 0.01-10 micrometers. 
The thickness of SEPARETA has the effective thing which is generally used in the range for cells and which use 5-300 micrometers, for 
example. A separator is fixed so that a problem may not arise practically in a cell case. Moreover, it is also effective to use the separator to 
which it considers as a safety practice and ionic permeability is changed with temperature. 
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[0034] Moreover, it is contained also when a solid polymer electrolyte, an inorganic solid electrolyte, etc. which are mentioned later serve 
as the function of a separator. A solid polymer electrolyte may not necessarily be limited to it being a solid state at a room temperature, but 
may be the shape of rubber, and gel. A polymer ingredient, an above-mentioned solid polymer electrolyte, and an above-mentioned 
inorganic solid electrolyte may be used collectively. It is effective to mix the aprotic polar solvent represented by heterocyclic compounds, 
chain-like ether, glycol ether, and chain-like carbonate and other organic solvents independently or simultaneous [ two or more sorts ] to an 
electrolytic-solution solvent, and to use **. It is good to avoid an independent activity, especially when choosing the annular carbonate 
which has a high dielectric constant, and to use combining some kinds of solvents. 

[0035] With heterocyclic compounds here A tetrahydrofuran (THF), an alkyl tetrahydrofuran, A dialkyl alkyl tetrahydrofuran, an alkoxy 
tetrahydrofuran, A dialkoxy tetrahydrofuran, 2-methyl tetrahydrofuran, 2-methyl hydronalium furan, 1, 3 dioxolane, alkyl-1, 3-dioxolane, 
1, 4-dioxolane, gamma-butyrolactone (GBL), a 2 methyl -gamma-butyrolactone, An acetyl -gamma-butyrolactone, gamma- valerolactone, 
ethylene carbonate (EC), Propylene carbonate (PC), butylene carbonate (BC), a sulfolane, vinylene carbonate, 3-methyl sulfolane, N- 
methyl pyrrolidone, a thiophene, etc. are raised. With chain-like ether, 1, 2-dimethoxyethane (DME), 1, 2-ethoxy methoxyethane, a methyl 
jig lime, a methyl TORIGU lime, methyl tetragiyme, ethyl glyme, an ethyl jig lime, a butyl jig lime, etc. are raised. With glycol ether, 
ethylcellosolve, ethyl carbitol, butyl cellosolve, butyl carbitol, etc. are raised. Dimethyl carbonate (DMC), diethyl carbonate (DEC), 
dipropyl carbonate, methylethyl carbonate, methylbutyl carbonate, methylpropyl carbonate, methyl isopropyl carbonate, ethyl butyl 
carbonate, ethyl propyl carbonate, butyl propyl carbonate, etc. are raised as chain-like carbonate. In addition, it is not caught by polar 
existence, such as a dimethyl ape fight, methyl formate, hexamethylphosphoric triamide, an acetonitrile, dimethylformamide, nitromethane, 
benzene, toluene, and a hexane, and strength, but an organic solvent can be used. 

[0036] If the electrolytic solution which dissolved carbon dioxide gas (C02) is used from a viewpoint which suppresses the reductive 
cleavage of a solvent, it is effective for improvement in capacity and a cycle life. As main impurities which exist in said solvent (non- 
aqueous solvent), moisture, organic peroxide (for example, glycols, alcohols, and carboxylic acids), etc. are mentioned. Said each impurity 
forms an insulating coat in the front face of a graphitization object, and it is thought that the interfacial resistance of an electrode is 
increased. Therefore, there is a possibility of affecting lowering of a cycle life or capacity. Moreover, there is a possibility that the self- 
discharge at the time of elevated- temperature (60 degrees C or more) storage may also increase. Since it is such, as for said impurity, in the 
electrolytic solution containing a non-aqueous solvent, decreasing as much as possible is desirable. That moisture is 50 ppm or less and it is 
1000 ppm or less organic peroxide as a desirable supporting electrolyte specifically Lithium perchlorate (LiC104), A 6 fluoride 
[ phosphoric-acid ] lithium (LiPF6), hoe lithium fluoride (LiBF4), A 6 fluoride arsenic lithium (LiAsF6), a trifluoro meta-sulfonic-acid 
lithium (LiCF3S03), One or more sorts of salts, such as lithium salt (electrolyte), such as a bis-trifluoromethylsulfonyl imide lithium [LiN 
(CF3S02)2], a thiocyanogen salt, and aluminum fluoride salt, can be used. As for the amount of dissolutions to a non-aqueous solvent, it is 
desirable to be referred to as 0.5-3.0 mol / 1 . 

[0037] Moreover, the following solid electrolytes can also be used besides the electrolytic solution. It is divided into an inorganic solid 
electrolyte and an organic solid electrolyte as a solid electrolyte. The nitride of Li, the halogenide, the oxygen acid salt, etc. are well known 
by the inorganic solid electrolyte. Especially, Li3 N, Lil, Li5 NI2, Li3 N-Lil-LiOH, LiSi04, LiSi04-LiI-LiOH (JP,49-8 1,899 AX xLi3P04- 
(1-x) Li4 Si04 (JP,59-60,866AX As Li2 SiS3 (JP,60-501,731,A), a phosphorus sulfide compound (JP,62-82,665AX and an electrolyte 
contained in ******** Alkali metal especially the halogenide of a lithium, a perchlorate, a thiocyanogen salt, hoe fluoride salt, Lynn 
fluoride salt, arsenic fluoride salt, aluminum fluoride salt, a trifluoromethyl sulfate, etc. are effective. 

[0038] The polymer in which a polyethylene oxide derivative contains this derivative in an organic solid electrolyte (JP ,63- 13 5, 447 AX The 
polymer containing a polypropylene oxide derivative or this derivative, the polymer containing an ion dissociable group (JP,62-254,302A, 
this 62- 254,303, this 63- 193,954), the mixture (U.S. Pat. No. 4,792,504 -- said » 4,830,939 and JP,62-22,375A - said - 62-22,376 -- 
said ~ 63-22,375 ~ said - 63-22,776 and JP,1-95,1 17 A) of the polymer containing an ion dissociable group, and the above-mentioned 
aprotic electrolytic solution - A phosphoric ester polymer (JP,6 1-256,573 AX the macromolecule matrix material (U.S. Pat. No. 4,822,701 
- said - 4,830,939, JP,63 -239,779 A, and Japanese Patent Application No. 2-30,318 - said - 2-78,531) which made the aprotic polar 
solvent contain is effective. Furthermore, there is also the approach of adding a poly aery lonitrile to the electrolytic solution (JP,62- 
278,774 A)- Moreover, how (JP,60-1,768A) to use inorganic and an organic solid electrolyte together is also learned. 
[0039] Moreover, an additive may be added in order to improve discharge and a charge-and -discharge property. Although you may add 
directly to an active material, the approach of adding to the electrolytic solution is the most common. For example, toluene, a pyridine 
(JP,49- 108,525 A), a triethyl FOSU fight (JP,47-4,376AX Triethanolamine (JP,52-72,425AX cyclic ether (JP,57-152,684AX 
Ethylenediamine (JP,58-87,777AX n-glyme (JP,58-87,778AX Hexalin acid TORIAMIDO (JP,5 8-87,779 A), a nitrobenzene derivative 
(JP,58-214,281 AX Sulfur (JP,59-8,280A), a quinonimine dye (JP,59-68,184AX N-permutation oxazolidinone and N and N-permutation 
imidazolidinone (JP,59- 154,778 AX Ethylene glycol dialkyl ether (JP,59-205,167AX Quarternary ammonium salt (JP,60-30,065AX a 
polyethylene glycol (JP,60-4 1,773 AX A pyrrole (JP,60-79,677AX a 2-methoxyethanol (JP,60-89,075AX A1C13 (JP,6 1-88,466 AX the 
monomer of a conductive polymer electrode active material (JP,61-161,673AX The triethylenephosphoramide (JP,6 1-208,7 58 AX 
trialkylphosphine (JP,62-80,976AX Morpholine (JP,62-80,977AX an aryl compound with a carbonyl group (JP,62-86,673 A), 
Hexamethylphosphoric triamide and 4-alkyl morpholine (JP,62-2 17,575 AX The bicyclic third class amine (JP,62-217,578AX oil (JP,62- 
287,580AX the fourth class phosphonium salt (JP,63-121,268AX the third class sulfonium salt (JP,63-121,269AX etc. can be used. 
[0040] Moreover, in order to make the electrolytic solution into incombustibility, a halogen-containing solvent, for example, a carbon 
tetrachloride, and a 3 fluoridation ethylene chloride can be included in the electrolytic solution (JP,48-36,632AX Moreover, in order to 
give fitness to elevated-temperature preservation, carbon dioxide gas can be included in the electrolytic solution. (JP,59- 134,567 A) The 
electrolytic solution or an electrolyte can be included in the mixture of a positive electrode or a negative electrode again. For example, the 
approach of including said ion conductive polymer and nitromethane (JP,48-36,633AX ana< the electrolytic solution (JP,57- 124,870 A) is 
learned. 

[0041] Although it is desirable for an electrolyte to contain at least one or more sorts of various supporting electrolytes shown above, to be 
the simple substance or the mixed thing of various solvents or a solid electrolyte, and to be constituted, it is not especially a limited **** 
thing. It is desirable to contain the annular carbonate which has a high dielectric constant as a solvent of the electrolytic solution, and, as for 
a carbonate, it is more desirable to combine one or more sorts and to use. When using a carbonate, as for the component, it is more 
desirable that it is 35 to 65 volume [ in / all / a solvent ] %. It is still more desirable to contain simultaneously a carbonate annular as an 
electrolytic-solution solvent and the chain-like ether. In this case, a charge-and-discharge property is excellent at the time of low 
temperature, and a cycle life is long, and since the ejection and the cone cell of a high current are obtained, it is still more desirable. 
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[0042] Although impregnation of the electrolytic solution may perform the whole quantity at once, it is desirable to carry out by dividing 
into 2 times or more of plurality. Moreover, although the presentation of each electrolytic solution may be changed when pouring in the 
electrolytic solution in 2 steps or more, it is desirable to use the same electrolytic solution. It is desirable to use the small metal plate or 
small metallic foil of electric resistance as a charge collector of an electrode active material. For example, the thing which made the 
positive electrode process carbon, nickel, titanium, or silver on the front face of a porous foam metal (JP,59- 18,578 AX titanium (JP,59- 
68,1 89 AX an expanded metal (JP,6 1-264,686 AX punched metal, aluminum, or stainless steel else [, such as the usual stainless steel, 
nickel, aluminum, gold platinum, and baking carbon, ] can be used. Two phase stainless steel of stainless steel is effective to corrosion. In 
the case of coin and a carbon button cell, it is effective in the direction which becomes the exterior of a cell to carry out nickel plating. As 
the approach of processing, there are wet plating, dry type plating, CVD and PVD, clad-izing by sticking by pressure, spreading, etc. 
Stainless steel usual to a negative electrode, nickel, copper, titanium, aluminum, Besides a tungsten, gold, platinum, baking carbon, etc., 
porosity nickel (JP,58- 18,883 A), Porosity aluminum (JP,5 8-38,466 AX an aluminum sintered compact (JP,59- 130,074 A), On the Plastic 
solid (JP,59- 148,277 A) of an aluminum fiber group, and the front face of copper or stainless steel, carbon, The front face of the thing 
which made nickel or titanium process, and stainless steel Silver plating (JP,60-41,761 AX It is effective to use baking carbonaceous 
ingredients (JP,60- 112,254 AX sucn as a phenol resin baking object, an aluminum-Cd alloy (JP,60-21 1,779 AX a porous foam metal 
(JP,6 1-74,268 AX etc - As tne approach of processing, there are wet plating, dry type plating, CVD and PVD, clad-izing by sticking by 
pressure, spreading, etc. 

[0043] Although the front face of these ingredients may be oxidized, it is effective to use benzotriazol, a triazine thiol, an alkyl thiol, the 
liquor from a fluorine system, the liquor from a silicon system, etc. as rustproofing. As a configuration, the can of a coin carbon button cell 
besides the foil, a film, a sheet, the thing netted and punched, a lath object, a porous body, foam, the Plastic solid of a fiber group, etc. can 
be used. Especially thickness is not limited. In the case of the can of a coin carbon button cell, since it mounts in a substrate, attaching a 
terminal by resistance welding, laser welding, etc. is also performed. Some which galvanized nickel metallurgy are in stainless steel, a 
stainless steel nickel clad plate, and stainless steel as an ingredient of a terminal, and it will not be limited especially if it is a metal. 
[0044] In the production process of an electrode, in order to raise the adhesion of a charge collector and electrode material Processing by 
press working of sheet metal by the press into which the whole surface or some of surface charge collector was processed specially [ in 
order to make sandblasting etc. and a front face coarse ] beforehand, Placing processing and processing of sputtering and the ion using an 
electron beam, an ion beam, the other photon, etc., Or when the chemical treatment using chemicals, such as an acid and a base, may be 
performed and it produces especially a charge collector with rolling, it is desirable to be manufactured so that the above front faces may be 
obtained especially. 

[0045] In the case of the electrode of a pellet type, it is also possible to apply between a charge collector and an electrode pellet and to fix 
an electrode. As conductive adhesives in this case, it is effective in the resin melted into a solvent to use what added the powder and fiber 
of a carbon metallurgy group, the thing which dissolved the conductive polymer. It can also use in order to connect electrically, rather than 
it pastes up a charge collector and an electrode physically not only the case of the electrode of a pellet type but in the case of-like [ sheet ]. 
[0046] When using this invention as coin and a carbon button cell, it is effective as a gasket to use polypropylene, polyethylene, polyamide 
resin, and various engineering plastics. Usually, although the product made from polypropylene is common, since it corresponds to the 
reflow temperature at the time of mounting a cell in a substrate, ingredients, such as engineering plastics with heat-resistant high 
temperature, such as perfluoro alkoxy resin (PFA) and polyphenylene sulfide resin (PPS), can be used. When applying LP agent to a gasket 
front face, a gasket front face can be beforehand processed with the primer of strong acid, a strong base, and various organic systems, 
ultraviolet rays, an electron ray, etc. in order to strengthen adhesion with LP agent. Moreover, it is effective to use the sealing compound of 
one sort or mixture, such as an asphalt pitch, a styrene butadiene rubber (SBR), nitrile rubber (NBR), polychloroprene, vinylpyridine 
rubber, isobutylene isoprene rubber, polysulfide rubber, fluorine system oil, chlorosulfonated polyethylene, an epoxy resin, a polyacrylate 
system copolymer, and silicone resin, between a gasket, and forward and a negative-electrode can in the case of coin and a carbon button 
cell. When a sealing compound is transparence, existence of spreading can also be clarified by coloring a sealing compound. As a method 
of applying a sealing compound, dipping to impregnation of the sealing compound to a gasket, spreading with forward and a negative- 
electrode can, and the sealing-compound solution of a gasket etc. can be used. 

[0047] A sheathing case, a cell lid, an electrode, a lead, and the welding process of an electrode terminal can use the electric resistance 
welding which used the direct current or the alternating current, laser welding, ultrasonic welding, etc. Moreover, obturation according a 
sheathing case and a cell lid to mechanical caulking or a screw stop through packing and the obturation using the sealing agent made of 
resin are also possible. It is desirable to use the two-sort three-layer laminate film of maleic-acid conversion polyethylene resin / high- 
density-polyethylene resin / maleic-acid conversion polyethylene resin especially as a sealing agent made of resin. It is also possible to 
prepare and obturate a flange etc. to a sheathing case and/or a cell lid. 

[0048] Although the ambient atmosphere of cell production has desirable inactive argon gas, carbon dioxide gas, etc. to a metal lithium, it 
is possible also in a dehumidification ambient atmosphere. Since the degree of desiccation of an ambient atmosphere is effective in a dew- 
point when carrying out especially with the low humidity of 40 or less minus although 20 or less minus is desirable raises the dependability 
of a cell, it is more desirable. Moreover, all of production processes do not need to be the same ambient atmospheres, and may make the 
desirable ambient atmosphere only at specific processes, such as electrolytic- solution impregnation. 

[0049] Moreover, ** is desirable when the components to assemble are also dried in advance. The approach generally adopted can be used 
as a pellet, or desiccation of a sheet and other components or the dehydration approach. Especially, it is desirable independent or to 
combine and to use hot blast, a vacuum, infrared radiation, far infrared rays, an electron ray, and a damp wind. The range of temperature of 
60-350 degrees C is desirable, and it is especially desirable. [ of the range which is 100-250 degrees C ] moisture content - the cell whole - 
- 2000 ppm or less - desirable ~ a positive electrode — a mixture and a negative electrode ~ it is desirable to make it 50 ppm or less in a 
mixture or an electrolyte, respectively in respect of cycle nature. The configuration of a cell can apply the shape of the shape of a coin 
mold, a carbon button mold, and a sheet, a cylindrical shape, a rectangle, a cylinder mold, a square shape, and a film etc. to all. 
[0050] Although not limited to especially the application of the nonaqueous rechargeable battery of this invention, when it carries in 
electronic equipment, for example, A color notebook computer, monochrome notebook computer, a pen input personal computer, a pocket 
(palm top) personal computer, A note type word processor, a pocket word processor, an Electronic Book player, a cellular phone, Carrying 
facsimile a cordless phone » a cordless handset, a pager, and a handy terminal - A pocket copy, a pocket printer, a headphone stereo, a 
video movie, A liquid crystal television, a handy cleaner, portable CD, a mini disc, an electric shaver, an electronic translating machine, a 
land mobile radiotelephone, a transceiver, a power tool, an electronic notebook, a calculator, memory card, a tape recorder, radio, a backup 
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power supply, memory card, etc. are mentioned. In addition, as a noncommercial use, the wrist watch which has an automobile, an electric 
car, a motor, a luminaire, a toy, a game device, a load conditioner, an iron, and a generation-of- electrical -energy function, other clocks, a 
stroboscope, a camera, medical equipment (a pace maker, hearing aid, and a shoulder are also **** etc.), etc. are mentioned. Furthermore, 
it can use as the various objects for munitions, and an object for space. Moreover, it is also combinable with a solar battery. 
[0051] Hereafter, an example explains this invention to a detail further. 
[0052] 

[Example] Drawing 1 is the sectional view of the coin mold cell in which an example of the nonaqueous rechargeable battery by this 
invention is shown. In drawing, 1 is a negative-electrode case which serves as a negative-electrode terminal, and carries out spinning of the 
plate made from stainless steel which carried out nickel plating of both sides of the inside and an outside, 3 is the negative electrode 
constituted using the below-mentioned electric conduction assistant and below-mentioned negative-electrode active material by this 
invention, and is pasted up on the negative-electrode case 1 with the negative-electrode charge collector 2 which consists of 
electroconductive glue which makes carbon powder a conductive filler. 7 is the positive-electrode case made from stainless steel which 
carried out nickel plating of outside one side, and serves as the positive-electrode terminal. 5 is the positive electrode constituted using the 
positive active material by below- mentioned this invention, and is pasted up on the positive-electrode case 7 with the positive-electrode 
charge collector 6 which consists of conductive resin adhesives which make carbon powder a filler. 4 is a separator and impregnation of the 
electrolytic solution is carried out. a positive-electrode case opening edge bends it inside at the same time 8 is a gasket which makes 
polypropylene a subject, intervenes between the negative-electrode case 1 and the positive-electrode case 7 and maintains the electric 
insulation between a negative electrode and a positive electrode ~ having ~ caulking ****-- therefore, cell contents are sealed and closed 
to things. Nonaqueous electrolyte used the electrolytic solution which used E5 in a table 1 as the solvent, and carried out 1 M/l dissolution 
of LiC104 as a supporting electrolyte. The magnitude of a cell was 2.1mm in the outer diameter of 6.8mm, and height. 
0053] 
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The negative electrode 3 was produced as follows. What carried out the grinding particle size regulation of the silicon monoxide SiO of 
99.9% of commercial purity to the particle size of 44 micrometers or less with the automatic mortar is used as an active material. As an 
electric conduction assistant to this The carbonaceous ingredient of A 1 -A 15 in a table 2, as a binder bridge formation mold acrylic acid 
resin - a weight ratio - the rate of 45:40:15 - mixing - a negative electrode » a mixture ~ carrying out ~ a degree - this negative 
electrode ~ pressing of the mixture was carried out to the pellet with a diameter [ of 4.0-4. 1mm ], and a thickness of 0.28-0.3mm by 2 
ton/cm2. After pasting up carbon on the negative-electrode case 1 with the negative-electrode charge collector 2 which consists of the 
conductive resin adhesives (conductive paste) made into an electric conduction filler and carrying out reduced pressure drying of this 
negative-electrode pellet at 150 degrees C for 8 hours, what pierced the lithium foil with a thickness of 0.3mm in diameter of 4mm was 
stuck by pressure on this negative-electrode pellet. Thus, the obtained lithium-negative-electrode pellet laminating electrode was used as 
the negative electrode. 
[0054] 
[A table 2] 
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The positive electrode 5 was produced as follows. Positive active material mixed electrolytic manganese dioxide and a lithium hydroxide 
so that the mole ratio of Mn:Li might be set to 1:0.3, and it used what carried out the grinding particle size regulation of the lithium content 
manganese oxide which heat-treated for 6 hours and was obtained at 400 degrees C among atmospheric air to the particle size of 100 
micrometers or less with the automatic mortar, this active material - as an electric conduction assistant -- as the carbonaceous ingredient of 
A8 in a table 1, and a binder bridge formation mold acrylic acid resin - a weight ratio - the rate of 90:8:2 -- mixing a positive 
electrode » a mixture ~ carrying out ~ a degree - this positive electrode ~ pressing of the mixture was carried out to the pellet with a 
diameter [ of 4.0-4. 1mm ], and a thickness of 0.80-1. 0mm by 2 ton/cm2. What pasted up carbon on the positive-electrode case 7 with the 
positive-electrode charge collector 6 which consists of the conductive resin adhesives (conductive paste) made into an electric conduction 
filler, and carried out reduced pressure drying of this negative-electrode pellet at 150 degrees C for 8 hours was used. 
[0055] In this example, the cells B1-B15 using the carbonaceous ingredients A 1 -A 15 added to the negative electrode were produced, 
respectively. The produced cell carried out the following charge and discharge test after one- week neglect aging at the room temperature. 
The oxide LiXSiO of the silicon containing the lithium in which the lithium-negative-electrode pellet laminating electrode of a negative 
electrode formed a kind of partial cell by touching nonaqueous electrolyte within a cell, carried out self-discharge of the lithium foil by 
which the laminating was carried out, and occlusion was carried out into SiO of a negative electrode by this aging was generated. 
[0056] These cells were performed by the constant current of 0.2 mA/cm2, and the charge cycle was performed on condition that 
termination electrical-potential-difference 2.0 V of discharge for termination electrical-potential -difference 3.3 V, or charge termination time 
amount 36 hours of charge. At this time, the discharge capacity of a two-cycle eye was shown in a table 3. In addition, the charge-and- 
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discharge cycle was started from discharge. 
[A table 3] 



No. 


nm^m (mAh) 


B- 1 


3.122 


B-2 


3.049 


B~3 


3.019 


B-4 


2.950 


B-5 


3.039 


B-6 


0.404 


B-7 


2.647 


B-8 


3.152 


B-9 


3.046 


B- 1 0 


3.027 


B- 1 1 


3.365 


B- 1 2 


3.252 


B- 1 3 


3.232 


B- 1 4 


3.232 


B- 1 5 


3.108 



It is, although discharge capacity size-comes and arranges and relaxes so that from a table 3 and the surface area per unit area of the used 
carbonaceous ingredient is large. The opportunity of contact of the used electrode active material and an electric conduction assistant 
increases with the specific surface area, and this is considered for the utilization factor of an active material to improve. Moreover, there is 
an inclination for the one of discharge capacity where particle size is smaller to increase more in each of the artificial graphite which has 
not been thermal-expansion-ized, the natural scale-like graphite which has not been thermal -expansion-ized, and a thermal expansion-ized 
graphite. Moreover, since specific surface area went up when particle size only became small, this is considered to be because for the rate 
in which an interface with the a-axis of the microcrystal of a carbonaceous ingredient and b-axis which participate in electronic conduction 
because the particle diameter of a carbonaceous ingredient becomes small appears to have increased. Although the d002 page X diffraction 
peak of a carbonaceous ingredient has the strong inclination which becomes broadcloth, it is considered to excel in the theoretical spacing 
of a graphite soon at electronic conduction nature that a d002 page spacing is distributed in the error range at 0.333-0.340nm. Moreover, 
although it is thought that it is hard to contribute C shaft orientations of a crystal to electronic conduction nature, it is thought that the 
magnitude of microcrystal (Lc) contributes to the stability of the crystal itself, and things understand Lc that what is necessary is just the 
range of 40-500nm. Moreover, since it is not desirable that the factor which checks the continuity of electronic conduction, such as a grain 
boundary, exists in the a-axis and b shaft orientations of microcrystal of the carbonaceous ingredient which participates in electronic 
conduction, the larger one of La is desirable and, as for this experiment to La, it is desirable that it is the range of 40-500nm. 
[0057] (Example 2) This example used El to E5 in a table 1 as an electrolytic solvent, using A3 in a table 2 as an electric conduction 
assistant in a positive electrode 5, using A8 in a table 2 as an electric conduction assistant in the negative electrode 3 of an example 1. 
Others produced the cell like the example 1. The cell [ cell / cell / cell / cell / using El in a table 1 as an electrolyte solvent / using CI and 
C2, and E2 in a table 1 / using C3 and C4, and E3 in a table 1 / using C5 and C6, and E4 in a table 1 ] using C7 and C8, and E5 in a table 1 
is set to C9 and C10. an example 1 - the same — each cell « the inside of a room temperature - aging - further ~ the cell of C2, C4, C6, 
C8, and C10 ~ 60 more-degree C constant temperature ~ 20 between was kept under conditions. The charge-and-discharge cycle of the 
cell of CI -C10 was carried out on the same conditions as an example 1, and the discharge capacity of the two-cycle eye at this time was 
shown in a table 4. 
[0058] 
[A table 4] 
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mm 




mm 




b 1 


c— 1 


i.yoi 




A 

u 


T? 9 






ft 


n 


E3 


C-5 


3.132 


C-6 


2.596 


E4 


C-7 


1.185 


C-8 


0 


E5 


C-9 


3.152 


C- 1 0 


2.615 



In combining the carbon material of this invention, and the suitable electrolytic solution, the discharge capacity of high capacity can be 
obtained from this. By using an annular carbonate and chain-like carbonate simultaneously especially, side reaction other than a cell 
reaction was able to be controlled on the electrode, and the cell whose dependability improved was able to be produced. 
[0059] 

[Effect of the Invention] In the nonaqueous electrolyte rechargeable battery which possesses at least the positive electrode, the negative 
electrode, and the nonaqueous electrolyte of lithium ion conductivity that this invention was explained above Even if there are few positive 
electrodes or negative electrodes, one of electrodes contains a carbonaceous ingredient with an electrode active material. The range whose 
specific surface area (BET adsorption method) is 5-50m2/g and whose mean particle diameter is 1-50 micrometers as this carbonaceous 
ingredient, The spacing d in an X diffraction (002) 0.333-0.340nm, Discharge capacity is excellent by having used the natural scale-like 
graphite or expansion-ized graphite whose magnitude of microcrystal is 40-500nm in c shaft orientations (Lc) by 40-500nm and a shaft 
orientations (La). By combining with a still more suitable electrolyte, side reaction other than a cell reaction can be controlled on an 
electrode, and the rechargeable battery whose dependability improved can be obtained. 



[Translation done.] 
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